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The prognostic significance of normal quantitative planar 
thallium-201 stress scintigraphy was evaluated in pa-
tients with a chest pain syndrome. The prevalence of 
cardiac events during follow-up was related to the pretest 
(that is, before stress scintigraphy) likelihood of coro-
nary artery disease determined on the basis of symp-
toms, age, sex and stress electrocardiography. In a con-
secutive series of 344 patients who had adequate thallium-
201 stress scintigrams, 95 had unequivocally normal 
studies by quantitative analysis. The pretest likelihood 
of coronary artery disease in the 95 patients had a bi-
modal distribution. 
During a mean follow-up period of 22 ± 3 months, 
no patient died. Three patients (3%) had a cardiac event: 
two of these patients (pretest likelihood of coronary ar-
Since its introduction in 1975, planar thallium-201 stress 
scintigraphy is widely employed as a noninvasive diagnostic 
procedure for the evaluation of patients with a chest pain 
syndrome (1,2). Recently, the diagnostic accuracy of this 
technique has markedly improved as the result of the intro-
duction of quantitative computer analysis of the scinti-
graphic images (3-5). Nevertheless, the method is not 100% 
sensitive, and false negative results with regard to coronary 
angiography still occur. However, it is conceivable that the 
results of the thallium-201 stress scintigraphy appropriately 
reflect the functional significance of disease. Therefore, the 
purpose of the present study was to evaluate the prognostic 
significance of normal quantitative planar thallium-20l stress 
scintigraphy in patients with chest pain. In particular, the 
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tery disease 54 and 94%) had a nonfatal myocardial 
infarction 8 and 22 months, respectively, after stress 
scintigraphy, and one patient (pretest likelihood 98 % ) 
underwent percutaneous transluminal coronary angio-
plasty 16 months after stress scintigraphy for persisting 
anginal complaints. Three patients were lost to follow-
up; all three had a low pretest likelihood of coronary 
artery disease. 
It is concluded that patients with chest pain and nor-
mal findings on quantitative thallium-201 scintigraphy 
have an excellent prognosis. Cardiac events are rare 
(infarction rate 1 % per year) and occur in patients with 
a moderate to high pretest likelihood of coronary artery 
disease. 
(J Am Coli CardioI1985;6:27-30) 
subsequent outcome in these patients was related to the 
pretest likelihood of coronary artery disease. 
Methods 
Patients. From November 1981 to July 1982, a total of 
344 patients had adequate quantitative planar thallium-20l 
stress scintigrams for evaluation of a chest pain syndrome. 
Of these, 95 patients had unequivocally normal studies by 
both visual and quantitative analysis. They constitute the 
study group. There were 56 men and 39 women. Their ages 
ranged from 19 to 71 years (mean ± SD 50 ± 10). 
Exercise testing. All patients exercised in the postab-
sorptive state on a power-driven treadmill (Quinton) using 
the standard graded Bruce protocol until symptoms of chest 
pain, ventricular arrhythmia, fatigue or hypotensive blood 
pressure response occurred. Patients who did not reach one 
of these end points were excluded from the study. Before 
and during the stress test, a 12 lead electrocardiogram was 
recorded. 
Thallium-201 stress scintigraphy. At peak exercise, 2 
mCi of thallium-20l was injected and the patient was en-
0735·10971851$3.30 
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couraged to continue exercising for at least 1 minute more. 
Subsequently, myocardial imaging was performed using a 
single crystal gamma camera (Siemens) equipped with a 
low energy, all purpose, parallel-hole collimator interfaced 
with a dedicated minicomputer (Medx). Myocardial imaging 
was started as soon as possible after termination of the 
exercise test. Delayed imaging was performed 2 hours after 
injection of the radiopharmaceutical. Three projections were 
acquired: left anterior oblique, left lateral and anterior. For 
imaging, two energy windows were set symmetrically over 
the 80 keV (25%) and the 167 keV (20%) photopeaks of 
thallium-20t. Each view was acquired for 8 to 10 minutes. 
At least 600,000 counts were accumulated in the field of 
view. Delayed imaging was performed for the same period 
of time as for initial imaging. The images were acquired in 
64 X 64 matrix and stored on floppy disk. 
Computer processing and quantitative analysis were per-
formed as described previously (5). In brief, after inter-
polative background correction and segmental mapping into 
36 segments, circumferential count and washout profiles 
were generated. The patient data (average counts per 100 
angle and percent washout) were displayed simultaneously 
with curves displaying the lower limit of normal for thal-
lium-201 distribution, as well as the lower limit of normal 
for thallium-20l washout. A normal study was defined as 
I) average count rate in all segments above the lower limit 
of normal thallium-20l distribution, and 2) percent washout 
in all segments above the lower limit of normal thallium-
201 washout. Using this method, we reported (5) an overall 
sensitivity of 89% and a specificity of 95% for detection of 
coronary artery disease. 
Pretest likelihood of coronary artery disease. The pre-
test likelihood of coronary artery disease was determined 
by stepwise probability analysis. This was done on the basis 
of age, sex, symptoms and electrocardiographic ST segment 
response to exercise, using tables published by Diamond 
and Forrester and their coworkers (6,7). Patients were con-
sidered to have typical angina if they complained of sub-
sternal discomfort that was precipitated by physical exertion 
and relieved with rest or nitroglycerin. They were consid-
ered to have atypical angina if their discomfort was either 
not substernal, not precipitated by exertion or not relieved 
by rest or nitroglycerin. If two or more of these three de-
fining characteristics were absent, patients were considered 
to have nonanginal discomfort. Any patient who denied 
discomfort above the level of the diaphragm was considered 
to be asymptomatic. 
The electrocardiographic response to exercise was mea-
sured as the amount of ST segment depression (in mm) at 
0.08 second after the J point. Patients who had sustained 
documented myocardial infarction or had documented an-
giographic coronary artery disease (~ 75% luminal narrow-
ing) were categorized as having a 100% pretest likelihood 
of disease. 
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Follow-up for coronary events. Follow-up was ob-
tained by telephone interview with either the patient or the 
referring physician. The following cardiac events were con-
sidered end points for follow-up: sudden cardiac death, myo-
cardial infarction, coronary artery bypass surgery and per-
cutaneous transluminal coronary angioplasty for persisting 
anginal symptoms. 
Results 
Pretest likelihood of coronary artery disease. On the 
basis of stepwise probability analysis, the pretest likelihood 
of coronary artery disease among the 95 patients with normal 
findings on quantitative thallium-20l scintigraphy showed 
a bimodal distribution. Fifty-four patients (59%) had a less 
than 30% pretest likelihood and 31 patients (33%) had a 
greater than 70% pretest likelihood of coronary artery dis-
ease. In 11 of the latter patients, significant coronary artery 
disease was documented by coronary angiography. The bi-
modal distribution suggests that the study group of 95 pa-
tients consists of two subsets: patients with a low pretest 
likelihood of disease and true negative results, and patients 
with high pretest likelihood of disease and false negative 
results. This distribution is different from that in the entire 
group of 344 patients, in which 73% of patients had a greater 
than 70% pretest likelihood of disease and, therefore, dis-
tribution was skewed to the right (Fig. 1). 
Follow-up and cardiac events. Three patients were lost 
to follow-up. These patients had, respectively, aI, 4 and 
24% pretest likelihood of coronary artery disease. In the 
remaining 92 patients (97%), the mean follow-up duration 
was 22 ± 3 months. During the follow-up period, no deaths 
occurred. Three patients (3%) had a nonfatal event: two of 
these three had a myocardial infarction and one underwent 
percutaneous trans luminal coronary angioplasty for persist-
ing anginal complaints. 
Figure 1. Distribution of pretest likelihood of coronary artery 
disease (CAD) in the entire group of 344 patients. 
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Cardiac events and pretest likelihood of coronary ar-
tery disease. The cardiac events all occurred in patients 
with a moderate to high (40 to 100%) pretest likelihood of 
coronary artery disease (Fig. 2). Myocardial infarction oc-
curred in one patient with a 54% pretest likelihood and in 
another patient with a 94% pretest likelihood. Coronary 
angioplasty was performed in a patient with a 98% pretest 
likelihood of coronary artery disease. 
Timing and rate of events in relation to the exercise 
test. The two myocardial infarctions occurred at 8 and 22 
months, respectively, after the thallium-2OI stress test. The 
yearly infarction rate was I % for the entire group and 2.5% 
for patients with a moderate to high pretest likelihood of 
coronary artery disease. Coronary angioplasty was per-
formed 16 months after the stress test. All remaining patients 
with normal quantitative thallium-2OI stress scintigrarns were 
alive and well at 22 ± 3 months after the test. Thus, the 
yearly cardiac event rate was 1.5% for the entire study 
group. It was 0% for patients with a less than 40% pretest 
likelihood and 4% for the group with a moderate to high 
pretest likelihood of disease. 
Discussion 
Prognosis and normal quantitative thallium-201 im-
aging. Thallium-201 stress scintigraphy has been employed 
for more than 7 years for the evaluation of patients with 
suspected coronary artery disease. The diagnostic usefulness 
and significance of abnormal studies have been well doc-
umented by numerous investigators (1-4). However, little 
is known about the clinical significance of normal studies 
in patients with a chest pain syndrome. Our results indicate 
that the prognosis of patients with normal quantitative thal-
lium-201 stress scintigraphy and chest pain is excellent. 
Figure 2. Distribution of pretest likelihood of coronary artery 
disease (CAD) in the 92 study patients with chest pain and normal 
thallium-20 I stress scintigraphy. Cardiac events (arrows) occurred 
in three patients with a moderate to high pretest likelihood of 
coronary artery disease. MI = myocardial infarction; PTCA 
percutaneous transluminal coronary angioplasty. 
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Cardiac events were rare and nonfatal and did not occur 
earlier than approximately I year after the normal test result. 
No deaths occurred, and nonfatal myocardial infarction oc-
curred at a rate of I % per year. Importantly, the cardiac 
events occurred in patients with a moderate to high pretest 
likelihood of coronary artery disease. In this subset, the 
yearly infarction rate was 2.5%. However, the majority of 
patients, even those with a high pretest likelihood of disease, 
did well and had no cardiac events over an approximately 
2 year follow-up period. These observations agree well with 
preliminary reports by Beller et al. (8) and Wahl et al. (9), 
who studied similar groups of patients with chest pain and 
normal findings on quantitative thallium-20 1 stress scintig-
raphy. These investigators reported an overall yearly death 
rate of 0.2 to 0.5% and a yearly myocardial infarction rate 
of 0.6 to 1.2%. This low cardiac event rate is comparable 
with that reported for patients with chest pain and angio-
graphically normal coronary arteries (10). 
Pretest likelihood of coronary artery disease. A fa-
vorable course after normal thallium-2OI scintigraphic re-
sults would not be surprising if the study group consisted 
of patients with a predominantly low likelihood of coronary 
artery disease. Therefore, it is important (as we did in the 
present study) to relate the subsequent outcome of the pa-
tients to the pretest likelihood of coronary artery disease. 
Our results demonstrate that cardiac events did not occur in 
patients with a low likelihood, but did occur in patients with 
a moderate to high likelihood of coronary artery disease. 
This is in agreement with Bayes' theorem that the clinical 
relevance of a positive and negative test is related to the 
prevalence of disease in the patients studied. As mentioned, 
the overall prognosis of patients with a normal thalIium-201 
study and a high pretest likelihood of coronary artery disease 
was excellent. 
Functional information derived from radionuclide 
studies. Our results highlight the important functional in-
formation derived from thallium-2OI stress myocardial per-
fusion imaging. A corollary of our observation is the work 
by Brown et al. (II), who investigated the prognostic value 
of the extent of transient myocardial thallium-201 defects 
after exercise as a predictor for future cardiac events. In 
patients without previous myocardial infarction, the risk of 
future cardiac events was directly related to the number of 
myocardial segments with perfusion defects. Conversely, 
patients with no or small defects had a better prognosis. 
Fleg et al. (12) presented preliminary data indicating that 
in asymptomatic individuals, abnormal thallium-201 stress 
scintigraphy in conjunction with an abnormal exercise elec-
trocardiogram identified subjects at high risk for subsequent 
cardiac events. These data, as well as our findings, suggest 
that thallium-20l stress imaging provides important patho-
physiologic information relevant to the patient's clinical 
course. Not only subjects at high risk, but also subjects at 
low risk can be recognized. 
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Recently, Jones et al. (13) reported similar observations 
with exercise radionuclide angiocardiography. Patients with 
normal left ventricular function on exercise had a better 
prognosis than did patients with a similar degree of coronary 
artery disease but abnormal exercise radionuclide angio-
cardiograms. Similarly, Nicod et al. (14) reported that in 
patients after acute myocardial infarction, exercise-induced 
abnormalities of left ventricular function may have greater 
prognostic importance than does the delineation of coronary 
artery anatomy. Therefore, normal radionuclide studies in 
patients with coronary artery disease are not necessarily 
"false negative studies," but may appropriately reflect be-
nign pathophysiologic significance of anatomic lesions. 
Clinical implications. Thallium-201 stress scintigraphy 
is currently performed in many laboratories in many coun-
tries. Many of the patients studied may have normal findings 
on thallium-201 scintigraphy. This can be particularly dis-
turbing in patients with a high pretest likelihood of coronary 
artery disease. However, these patients have a good prog-
nosis comparable with that of patients with chest pain and 
a normal coronary angiogram. 
Thallium-201 was kindly supplied by Dupont NEN Medical Products, 
North Billerica, Massachusetts. 
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